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The snowmobile having a longitudinal axis, a chassis, a pair 
of skis each having a steering spindle, and a suspension 
system. The suspension system comprises, for each ski, a 
?rst control arm pivotally mounted to the chassis for pivotal 
movement about a ?rst pivot aXis and having a ?rst pivotal 
connection to the spindle and a second control arm pivotally 
mounted to the chassis for pivotal movement about a second 
pivot aXis and having a second pivotal connection to the 
spindle spaced from the ?rst connection. The pivot aXis of 
each control arm and the connection of that control arm to 
the spindle de?ne a control arm plane; the control arm planes 
intersect to de?ne a control line that intersects a vertical 
plane containing said longitudinal axis. 

45 Claims, 17 Drawing Sheets 
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FIG. 2 
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FIG. 5 
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FIG. 10A 

FIG. 10B 
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FIG. 10C 
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FIG. 11C 
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SNOWMOBILE FRONT SUSPENSION 
SYSTEM AND METHOD 

FIELD OF THE INVENTION 

The invention relates to snowmobile front suspension 
systems. 

BACKGROUND OF THE INVENTION 

A variety of front suspension systems have been 
employed on snoWmobiles over the years. In the early 
1980s, the assignee of the present invention introduced to 
the snowmobiling industry an independent front suspension 
system utilizing a trailing arm—an elongated arm having its 
front end rigidly connected to the steering spindle and its 
rear-end pivotally connected to the chassis. See Canadian 
Patent No. 1,227,823, and also US. Pat. Nos. 6,328,124 and 
6,343,666. Front suspension systems employing trailing 
arms have been Widely accepted in the snoWmobile industry. 
When a snoWmobile ski encounters an object during opera 
tion, the suspension system is designed to permit the ski to 
travel over the object While providing a relatively smooth, 
controlled ride to the driver. Some of the force of the 
perturbance is transmitted by the trailing arm to the chassis, 
and this in turn produces a yaW moment. Also, as illustrated 
in FIGS. 1 and 2 of the draWing, the necessary positioning 
of the trailing arm takes up space and increases the dif?culty 
of appropriately and functionally designing that area of the 
vehicle. 

Moreover, the stiffness of the front suspension of the 
snowmobile is important both to the rider’s comfort and the 
ability to control the snoWmobile. On the one hand, the 
suspension should be suf?ciently “soft” as to provide a 
smooth ride over fairly level ground. On the other hand, the 
suspension should be suf?ciently stiff so that the snoWmo 
bile suspension does not “bottom out” When the snoWmobile 
is operated in rough terrain. Shock absorbers are commonly 
used for this purpose, and have been commonly mounted in 
snoWmobiles With trailing arm suspensions such that as the 
suspension is compressed, the compressive axis of the shock 
absorber becomes less aligned With the generally vertical 
direction of ski displacement With respect to the chassis, and 
this leads to the suspension becoming softer as the front 
suspension is compressed, in turn leading to bottoming-out 
problems. That is, the motion ratio of shock absorber move 
ment to vertical ski movement may be reduced as the 
suspension is compressed, leading to a diminished ski rate. 

It may be appreciated that suspension systems for snoW 
mobiles are in fact quite sophisticated, technically. Not only 
must one consider the problems raised above in connection 
With trailing arm suspensions, but also problems involving 
caster angle and ease of steering and control, problems 
involving the tendency of a snoWmobile to “dive” When 
braked hard or When encountering obstacles, and problems 
involving the expected increase in camber angle (and the 
resulting tendency of the skis to “scrub” or drift sideWays) 
When the chassis of the snoWmobile rolls during sharp turns. 

The applicants have noW found that further improvements 
in front suspension systems can be made to avoid trailing 
arms While maintaining high performance advantages for the 
rider. 

BRIEF SUMMARY OF THE INVENTION 

The present invention in one embodiment provides a 
snoWmobile having a longitudinal axis and a chassis, a pair 
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2 
of skis each having a steering spindle de?ning a steering 
axis, and a suspension system joining each steering spindle 
to the chassis. Each suspension system comprises a ?rst 
control arm pivotally mounted to the chassis for pivotal 
movement about a ?rst pivot axis and having a ?rst con 
nection to the spindle and a second control arm pivotally 
mounted to the chassis for pivotal movement about a second 
pivot axis and having a second connection to the spindle 
spaced from the ?rst connection. The pivot axis of each 
control arm and the connection of that control arm to the 
spindle de?nes a control arm plane, and the control arm 
planes for each ski intersect to de?ne a control line that 
intersects a vertical plane containing said longitudinal axis. 
The structure enables such performance characteristics as 
changes in caster upon compression of the suspension to be 
adjusted. 

In another embodiment, the invention provides a snoW 
mobile having a longitudinal axis and a chassis, a pair of skis 
each having a steering spindle de?ning a steering axis, and 
a suspension system joining each steering spindle to the 
chassis, the suspension system comprising, for each ski, a 
?rst control arm pivotally mounted to the chassis for pivotal 
movement about a ?rst pivot axis and a second control arm 
spaced from the ?rst control arm and pivotally mounted to 
the chassis for pivotal movement about a second pivot axis, 
said ?rst and second pivot axes being ?xed With respect to 
each other and With respect to the chassis. The control arms 
extend betWeen the chassis and the steering spindle to 
continuously de?ne the steering axis as the suspension 
system is compressed. The ?rst and second pivot axes are 
non-parallel, and the control arms are so attached to said 
steering spindle that When said suspension is compressed 
toWard a fully compressed condition, the caster angle of the 
steering spindle is increased. 

In certain embodiments, the control arms of each ski 
suspension are so oriented that as the suspension of a 
snoWmobile at rest is compressed toWard a fully compressed 
condition from a partially compressed condition to mimic 
the compression due to roll as the snoWmobile is steered into 
a tight turn, the camber angle of the ski is moved in the 
negative direction. In other embodiments, one of the control 
arms is positioned generally beneath the other, and the 
suspension system for each ski includes a shock absorber 
mounted at one end to the chassis and at the other end to the 
loWer control arm at a point spaced from the chassis and is 
oriented so that as the suspension system is compressed, the 
motion ratio of movement of the shock along its axis to the 
vertical movement of the ski increases to thereby increase 
ski rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a snoWmobile of the prior 
art, illustrating the use of a trailing arm; 

FIG. 2 is a similar vieW of a prior art snoWmobile that of 
FIG. 1 but shoWing the trailing arm When the front suspen 
sion system has been compressed. 

FIG. 3 is a schematic side vieW of a snoWmobile produced 
in accordance With the invention; 

FIG. 4 is a broken-aWay perspective vieW shoWing details 
of a snoWmobile suspension; 

FIG. 5 is a broken-aWay, perspective vieW shoWing a 
modi?ed embodiment of a snoWmobile of the invention; 

FIG. 6 is a broken-aWay top vieW of the snoWmobile 
shoWn in FIG. 4; 

FIG. 7 is a broken-aWay side vieW of the snoWmobile of 
FIG. 6; 
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FIG. 8 is a broken-away front view of the snowmobile of 
FIG. 7 but showing the front suspension in a partially 
compressed condition; 

FIG. 9 is a broken-away front view of the snowmobile of 
FIG. 8 but showing the front suspension in a fully com 
pressed condition; 

FIGS. 10A, B and C are conceptual, schematic top, side 
and perspective views, respectively, of an embodiment of a 
snowmobile of the invention showing control arm planes, 
pivot axes and plane intersection lines, with the front of the 
snowmobile in FIG. 10C being in the lower left corner of the 
Page; 

FIGS. 11A, B and C are conceptual, schematic top, side 
and perspective views, respectively, of another embodiment 
of a snowmobile of the invention showing control arm 
planes, pivot axes and plane intersection lines; with the front 
of the snowmobile in FIG. 11C being in the lower left corner 
of the page; 

FIGS. 12A, B and C are conceptual, schematic top, side 
and perspective views, respectively, of yet another embodi 
ment of a snowmobile of the invention showing control arm 
planes, pivot axes and plane intersection lines, with the front 
of the snowmobile in FIG. 12C being in the lower left corner 
of the page; and 

FIGS. 13 and 14 are schematic side views of a snowmo 
bile of the invention with the suspension at rest and com 
pressed, respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Aprior art snowmobile utilizing a trailing arm suspension 
is schematically shown in FIGS. 1 and 2. Atrailing arm “A” 
is pivotally attached at its rearward end to the chassis of the 
snowmobile, and the forward end of the trailing arm is 
attached to a housing for the steering spindle of a ski. FIG. 
1 shows the snowmobile at rest, with a caster angle (I) 
between the vertical and the backward leaning steering axis 
of the ski which may be in the range of 20°. FIG. 2 shows 
the same snowmobile with its front suspension compressed, 
as when the snowmobile may hit a bump. Here, the pivotal 
attachment of the rear-end of the trailing arm to the chassis 
has moved downwardly, and the caster angle (I) has accord 
ingly become larger, e.g., in the range of 30°, the larger 
caster angle improving the stability of the snowmobile. 
Forces directed rearwardly on the trailing arm are transmit 
ted to the chassis at the pivotal connection of the trailing arm 
with the chassis, and this tends to produce yaw. 

With reference to the drawings, since the front suspension 
for the left and right skis are substantially symmetrical about 
a vertical plane extending along and containing the longi 
tudinal axis LA of a snowmobile 10, only the mechanism 
with respect to the left ski need be discussed, the right ski 
mechanism being identical. Moreover, in the various 
embodiments depicted in the drawing, similar items may be 
identi?ed by similar reference numbers. 
A snowmobile ski is shown at 12, the ski being attached 

to a steering spindle 14 that de?nes the steering axis 16 of 
the ski. Attached to the spindle is a lower control arm 
exempli?ed as a lower A-shaped arm 18 having forward and 
rearward ends 20, 22 that are each pivotally attached to the 
chassis 19. The apex 24 of the A-arm is pivotally attached at 
15 to an intermediate portion of the steering spindle 14 
through a ball joint, pin joint or other suitable pivotal 
connection. The pivotal attachments 20, 22 of the lower 
A-arm de?ne a pivot axis 26 about which the lower A-arm 
member pivots as the suspension is compressed. 
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4 
An upper control arm is attached to the spindle housing 

and is exempli?ed as an upper A-arm 28 that is pivotally 
attached at its forward and rearward ends 30, 32 to the 
chassis, these pivot points de?ning a second, upper pivot 
axis 34. The apex 36 of the upper A-arm is pivotally 
operatively attached at 35 to the steering spindle by means 
of a ball joint, pin joint or other suitable pivotal connection, 
at a point spaced above the pivotal attachment of the lower 
A-arm to the spindle housing. The attachments of the A-arm 
members to the chassis and to the steering spindle thus 
continuously control the orientation of the steering spindle 
and thereby continuously de?ne the steering axis with 
respect to the chassis as the suspension is vertically dis 
placed, as when it is compressed or extended. 

Referring to FIGS. 4 and 10A, B and C, the pivot axis 26 
of the lower control arm and the pivotal connection 15 of 
that arm to the steering spindle 14 de?nes a plane shown in 
FIG. 10 as LP. Similarly, the pivot axis 34 of the upper 
control arm 28, together with its pivotal connection 35 to the 
steering spindle 14, de?nes a plane shown in FIG. 10 as UP, 
this plane being illustrated as cross-hatched so that it can 
easily be distinguished from plane LP. 
The planes LP and UP in certain embodiments are not 

parallel to each other. As the suspension is compressed from 
a rebound condition to a fully compressed condition, the 
planes move with respect to the ground. The planes LP and 
UP intersect at an intersection line (sometimes referred to 
below as a “control line”) 37 that intersects a vertical plane 
that contains the longitudinal axis LA of the snowmobile. In 
some embodiments, the pivot axes 26 and 34 are substan 
tially non-parallel to each other, and in other embodiments, 
these axes may be parallel to each other provided that the 
planes LP and UP intersect at a control line 37 that intersects 
the vertical plane containing the longitudinal axis LA of the 
snowmobile. 

It will be understood that as the suspension assembly is 
compressed, the orientation of the planes LP and UP will 
change with respect to the ground inasmuch as the chassis 
(and hence the pivot axes) will descend closer to the ground 
while the height above ground level of the connections of the 
control arms to the steering spindle will remain nearly 
unchanged. 
By appropriately orienting the pivot axes and the connec 

tions of the control arms to the steering spindle, the orien 
tation of the steering spindle can be controlled as desired as 
the suspension is compressed, as when a snowmobile is 
driven over rugged terrain, obstacles are encountered, and 
tight turns are made. For example, as shown in FIGS. 13 and 
14, the caster angle of the steering axis may be caused to 
increase as the suspension is compressed. As will be under 
stood from a comparison of FIGS. 8 and 9, the camber angle 
0 of the skis may be caused to move in a negative direction, 
as shown by arrow C in FIG. 9, as the suspension is 
compressed from a partially compressed condition toward a 
fully compressed condition. FIGS. 8 and 9 show the snow 
mobile at rest, but mimic the compression of the suspension 
as the snowmobile is driven in a tight turn. Under these 
conditions, the snowmobile tends to roll toward the outside 
of the turn as the suspension for the outer ski is compressed, 
and this, in turn, tends to cause the camber angle of the 
outside ski to increase, that is, the upper end of the steering 
spindle tends to lean outwardly and lift the inner edge of the 
ski. The purpose of causing the camber angle to move in the 
negative direction upon compression of the suspension is to 
at least partially or completely offset the expected increase 
in camber angle due to roll of the vehicle in a tight turn. By 
“fully compressed” and “full compression”, as used herein, 










